The risk of lead exposure in shipyards is an old problem [1] [2] [3] [4] . Many studies showed that workers involved in welding work are especially prone to increased blood lead concentrations [5] [6] [7] . In the past, only few contributions to the long-term change of blood lead levels after the medical removal have been reported. A study described the fall in zinc protoporphyrin levels (ZPP) in patients with chronic lead intoxication. The ZPP levels fell rapidly from a high level to almost normal levels within six months 8) . Another case report indicated that blood lead concentration fell dramatically from 240 to 42 µg/dl after the last known lead exposure 9) . In Taiwan, because of advances in technology and improvements in environmental conditions, few cases of shipyard workers with blood lead level higher than 50 µg/dl have occurred since the 1990's. Although medical removal is recommended to be one of the control measures for lead poisoning workers, the implementation of medical removal is somewhat difficult in Taiwan. For the employers, they are reluctant to remove productive and experienced workers. At the same time, workers may not report their minor symptom that may be related to lead exposure in order to keep their job, unless it is a lead-poison case. As a result, it is rare for physicians in Taiwan to directly observe the transition of BLL before and after a medical removal. The ten years follow-up of BLLs in shipyard workers without chelating agent intervention was even missing in Taiwan. This cases report compared the short-term changes of BLL with medical removal intervention and follow-up the long-term changes of BLL afterward.
The BLLs were measured using a graphite furnace atomic absorption spectrophotometer (GFAAS, GBC 3000 system). All instruments were soaked in a 20% nitric acid solution for 48 hours in order to remove potential lead contamination. Certified whole blood controls were selected for the accuracy test (Nycomed Pharma Co. Oslo, Norway). To avoid the blood specimen "matrix effect" during analysis, the standard addition method was used to build up the calibration curve. The detection limit for the analysis was 0.3 µg/dl. To ensure the quality of BLL testing, our laboratory has a consistent intra-laboratory quality control and has participated in the blood lead proficiency test program of the United States CDC (Centers for Disease Control and Prevention) since 1992.
This study presents ten-year follow-up of a shipyard welder with an original blood lead level of 54.1 µg/dl. He was 44-year old, when he was identified in 1992, and had been engaged in welding since 31 years old. His main job was to repair the body of the ship. Welding and cutting on workpieces that have metallic coatings may be especially hazardous. Lead-based paints have been used commonly on marine and structural membrane. Welding on these surfaces during repair and shipbreaking generates high lead fume concentrations 2, 10, 11) . Physical examination indicated that, except for the unacceptable blood lead level, the worker was normal in other physiological and diagnostic tests. The worker's personal information revealed that he was a nonsmoker and he did not drink either. He also denied any lead-related disease history. He wore the appropriate work clothes, put on his anti-dust mask, drank milk occasionally, and washed his work clothes every day. Overall, this worker's personal health habits were considered good. Aside from the present on-the-job lead exposure, there were no other plausible lead contamination sources. Consequently, we concluded that the increase in the worker's blood lead level was caused by lead exposure on the job.
Acting on our recommendations, the factory immediately transferred the worker from his job to one involving document handling. The worker (case 1) was, however, very concerned about his blood lead level. He went to hospitals for some blood lead tests each year. His BLLs spread and observation time are recorded in details in Fig. 1 . Case 1 showed a significant reduction in the worker's blood lead level. From the beginning of the medical removal to six months after, there was a significant reduction in the worker's blood lead level (from 54.1 µg/dl to 31.6 µg/dl).
Meanwhile, two other welding workers (case 2 and case 3) with BLLs over 40 µg/dl in the survey conducted at the same shipyard in 1992. Their data are plotted and added to Fig. 1 . These two workers did not receive medical removal, so their blood lead concentration did not change dramatically as what was seen in case 1 and it took 4 yr for their BLLs to drop to less than 40 µg/dl. This finding is consistent with a previous report regarding medical removal 12) . Therefore, we speculate that medical removal may be an effective measure to avoid chronic lead poisoning.
Case 1 went back to his original job at the end of his medical removal. However, after the ending of medical removal, BLL in case 1 showed a little rebound on April of 1993 and then showed gradually decrease. During this period, the shipyard asked industrial hygienists to implement hazard control measures and had gradually improved their ventilation system. Figure 1 shows the natural progression of these workers' BLLs. Because of improvements in ventilatory technology, the BLL of case 1 decreased to around 35 µg/dl since the 1994's and then downed to 30 µg/dl after 2001. The BLLs of those two cases without medical removal were also decreased to around 35 µg/dl since the 1996's and then were also downed to around 30 µg/dl after 2001.
The distribution of lead in the bloodstream is largely concentrated in the bones and the half-life of the lead in the bone is about 15 to 20 yr. As a result, the lead level in bone can be used as an index for long-term lead exposure. The blood lead level does not account for the total accumulated volume in the body, but rather represents the lead exposure for the past two months 13, 14) . Consequently, it is possible that lead concentration changes could be caused by another form of lead exposure outside the body or lead emissions from the bones. This is especially true when the body suffered infection, fever, pregnancy, or hyperthyroidism, etc. 15, 16) . Currently, it is believed that many nutrients such as calcium, iron, zinc, phosphorus and foods such as milk, vegetables and tofu can help control the increase of lead in the blood [17] [18] [19] [20] . However, from our personal inquiries, this worker reported that his diet habits remained unchanged through the period. From Fig. 1 , we can see that the BLL in case 1 went down to below 40 µg/dl about six months after the medical removal. Similar changing tendency was observed in several previous studies 8, 9, 12) . For instance, O'Flaherty (1986) compared the length of time under three different medical removal mandates (80/60, 70/50, and 60/40 µg/dl). They reported that, under a 60/40 µg/dl removal rule, the median length was between 6 to 8 months among the employees with over 60 µg/dl BLLs could be allowed to work again 12) . During this medical removal stage, the reduction in blood lead level was more rapid, which may have something to do with the lifespan of the red blood cells (RBC's). However, the BLL of case 1 stabilized after 1994, when he went back to his original work environment. It should be noted that the shipyard's gradually improving ventilation system and requiring its workers to use personal protection devices all play a major role in reducing the average BLLs. The efficacy of hazard control can be demonstrated by a significant reduction of BLLs among the same shipyard employees over a 10-year period. According to the data from follow-up surveys, the average BLLs of the 158 workers had gradually decreased from 23.4 ± 10.5 µg/dl (ranging from 4.2 to 57.2 µg/dl) in 1992 to 10.4 ± 5.9 µg/dl (153 workers, ranging from 3.2 to 34.8 µg/dl) by 2002. More importantly, not a single welding worker had blood lead concentration higher than 40 µg/dl in 2002 (data not shown). This study discovered that when a long-time (23 yr since first exposure) shipyard worker (case 1) is transferred away from a high exposure environment, there is a significant decline in BLL. However, when the BLL reaches around 30-35 µg/dl, it stabilizes and stops declining without further interventions. During a medical removal period, the rate of decline of BLL should be influences by the magnitude of return of lead from peripheral tissues to the blood. The amounts of lead stored in peripheral tissues reflect both magnitude of exposure and, especially for slowly exchanging tissues such as those that account for much of the body burden of lead in adult 12) , during of exposure, they reflect integrated total exposure, or duration × magnitude.
In our cases, the BLLs did not drop to normal range (10 µg /dl or below). A plausible explanation could be that the half-life of lead in bone needs 15-20 yr, which was longer than only 10 yr of observation in this study. Furthermore, the workers resumed their original work, so that they were still being exposed to few lead fumes even though the factory environment has been improved. Under the situation when lead accumulates inside the body for a long time, the observation over a 10-yr period indicated that it is not easy for the BLL to reach the general population range of below 10 µg/dl. Both the occupational health officials and workers should be informed that a medical removal may not make BLLs return to a normal range of 10 µg/dl (or less). According to our observations, even though the case 1 had undergone the medical removal and the factory had improved ventilation facilities, his BLL has always been higher than above 10 µg/dl over the 10-yr observation period.
